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LATCH OPTIMIZATION IN HARDWARE
LOGIC EMULATION SYSTEMS

1. FIELD OF THE INVENTION

This mvention pertains to hardware logic emulation and

more specifically to optimizing latch based designs for logic
emulation.

2. BACKGROUND OF THE INVENTION

Hardware logic emulators are a powerful tool used during,
the design of integrated circuits such as application speciiic
integrated circuits (known to those skilled in the art as
“ASICs”) and microprocessors. Hardware emulation sys-
tems allow a circuit designer to implement a logical equiva-
lent of their design 1n hardware prior to 1implementing the
design as an integrated circuit. This allows the user to
determine whether their design performs as expected. It also
allows for the co-design of related components such as
software. Hardware emulators also allow users to verily that
the circuit they have designed will function 1n the system 1n
which the integrated circuit will eventually reside (i.e., the
“target system™). Prior art emulators utilized reprogram-
mable logic integrated circuits that were interconnected
together with programmable 1nterconnect resources. For
examples of such emulators, see U.S. Pat. Nos. 5,109,353,
5,036,473, 5,452,239, and, 5,475,830, all of which are
assigned to the same assignee as the present invention and
all of which are incorporated herein by reference.

Hardware logic emulation systems can also be con-
structed with many microprocessors interconnected 1n a

massively parallel configuration. For an example of such an
arrangement, see U.S. Pat. Nos. 4,306,286, 4,656,580,

4,914,612, and 5,551,013, all of which are incorporated
herein by reference. In such an arrangement, the signals
between each processor are time multiplexed. Thus, for each
clock cycle, connections between the processors are estab-
lished so that the processor resources necessary to evaluate
the logical operations occurring during that clock cycle are
interconnected. After the logic operations for that clock
cycle are evaluated, the emulator reconfigures the 1ntercon-
nect between the processors so that the necessary processor
resources are interconnected to evaluate the logical opera-
tions during the next clock cycle. U.S. Pat. No. 5,551,013,
in particular, describes a preferred structure for implemen-
tation of the present mnvention.

Recently, latch-based designs have become common
among 1ntegrated circuit designers because they can be
implemented using smaller integrated circuit layout geom-
etries than can other sequential logic functions such as
flip-flops. However, while latch-based designs offer advan-
tages when 1mplemented on the integrated circuit, latches
are difficult to 1mplement 1n a processor-based emulation
system. To understand why latches are difficult to implement
in this environment, a brief discussion of flip-tlops and
latches will be provided. This discussion will refer to FIGS.
1-4. As 1s known to those of ordinary skill in the art,
flip-flops are edge triggered sequential devices. Thus, upon
the arrival of a clock (“CLK”) edge, as shown in FIG. 2, the
output (“Q”) will take the value of the input (“D”). The
flip-flop 10 shown 1n FIGS. 1-2 1s a positive edge trigeered
flip-flop. In contrast to flip-flops, as 1s also known to those
of ordinary skill in the art, latches are level sensitive
sequential devices. Thus, in a latch, the output (“Q”) follows

the input (“D”) when the clock (“CLK”) goes high. The
output (“Q”) then holds that value when the clock (“CLK”)
ogoes low. The latch 20 shown 1n FIGS. 34 1s a positive
transparent latch.
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A basic block diagram of the logic element of a presently
preferred emulation processor 1s shown 1 FIG. Sa. The
pProcessors 1n a processor-based emulation system comprise
an 1mput stack 50, a logic table stack 60, and an output stack
70, as shown 1n FIG. 5a4. The mnput stack 50 contains the
input data signals that will comprise the inputs signals to the
logic for a particular clock cycle. The output stack. 70
comprises the output signals from the logic evaluated during
a particular clock cycle. The logic table stack 60 comprises
the possible primitives that can be evaluated by the proces-
sor. Thus, for a given clock cycle, the mput signals of the
input stack are evaluated using the logic primitives of the
logic table stack. The result of the evaluation 1s placed 1n the
output stack.

In a typical integrated circuit design, a clock generation
circuit 100 generates one or more clock signals from the
clock signal which will be 1nput to the integrated circuit
design. A block diagram for a clock generation circuit 100
1s shown 1n FIG. 5b. Clock generation circuit 100 takes the
input clock signal FCLK (which can come from the target
system) and generates one or more clock signals A and B.
Clock signals A and B are synchronous clock signals. The
clock generation circuit can further generate non-
overlapping phases of clock A (signal Aph_ 1 and Aph_ 2)
and clock B (signals Bph_ 1 and Bph_ 2). Clock signals that
are non-overlapping never go high at the same time. In
cgeneral, design engineers utilize non-overlapping clocks
when designing multi-latch logic circuits. The reason for this
1s that when design engineers utilize overlapping clock
signals 1n these circuit designs, it becomes difficult to control
signal propagation through the latches i1n the user’s design.
This can lead to race conditions and unpredictable circuit
behavior, both of which are undesirable.

The manner in which processor-based emulators operate
are such that flip-flop based designs emulate properly. As
discussed, processor-based emulation systems are cycle
based. Thus, for a given datapath, the processor in which the
particular evaluation 1s taking place levelizes the combina-
tional logic, 1.e., the processor orders the levels of combi-
national logic to ensure that the proper input signals to each
level are present when that level of logic 1s evaluated. For
cach emulation cycle, the processor only evaluates the
combinational logic between the sequential logic gates. In
the case of a datapath containing flip-flops, such an arrange-
ment results 1n functionally correct emulation because flip-
flops are edge-sensitive. Therefore, the output of the tlip-flop
can only change state when an edge of the clock occurs.
Thus, 1n a processor-based emulation system, for each clock
cycle, the flip-tlop only transfers the data signal from one
datapath to the next. Thus, the flip-flops are mherently part
of the datapath 1n a processor-based emulation system.

Latches, unlike flip-flops, are not inherently part of the
design because of the transparent nature of a latch. As
discussed, latches are level sensitive devices where the state
of the output does not change until the clock signal 1t
receives approaches the level that the latch 1s sensitive to.
Because of this characteristic of latches, latches can be
transparent. Transparency of a latch-based circuit path
occurs when a series of latches 1n a particular circuit path are
all clocked by the same clock phase. If a series of latches are
clocked at the same time, the output signals of each of the
datapaths pass right through the latches, 1.¢., the latches are
transparent. When the possibility of transparency 1s present,
the processor-based emulator will be unable to determine
where the datapaths ends. This characteristic renders emu-
lation of latch-based circuit designs problematic. Thus, 1n a
processor based emulation system like that described in U.S.
Pat. No. 5,551,013, emulation of latch-based designs can be
unsatisfactory.
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Just as 1 a flip-flop based design, a circuit path of a
typical latch-based design contains a datapath comprised of
combinational logic feeding the iputs to the latches. An

example of such a circuit path 200 is shown 1n FIG. 6. The
circuit path 200 of FIG. 6 1s comprised of latch 210, the

output Q of which feeds datapath 215. Datapath 215 feeds
the mput D of latch 220. The output Q of latch 220 feeds
datapath 225, which feeds the mput D of latch 230. The
emulator wants to evaluate what the circuit 200 does to a
data signal at the mput D of latch 210 for one emulation
cycle. This means the emulator evaluates the signal path
from one sequential logic element to the next sequential
element. However, 1f each of latches 210, 220 and 230 are
clocked by the same clock signal (or the same phase of the
same clock signal), when each of the latches 210, 220, 230
receive a clock edge, the latches will all be transparent at the
same time. Because of this, the latches 210, 220, 230 will
pass the signal on their inputs D directly to their outputs Q,
1.€., the latches will be transparent. This transparency makes
the emulator unable to evaluate what the circuit 200 did to
the data signal through a single emulation cycle. For
example, 1f latches 210 and 230 are clocked by the same
clock signal (or the same phase of the same clock signal phi),
and latch 220 1s clocked by a different, non-overlapping
clock signal (or a different phase of the same clock signal
ph2), the latches are not transparent to each other. On the
other hand, if latch 210 and latch 220 are clocked by the
same clock signal (or the same phase of the same clock
signal), and latch 230 is clocked by a different, non-
overlapping clock signal (or a different, non-overlapping
phase, of the same clock signal), latch 210 is transparent to
latch 220. Latch 220, however, 1s not transparent to latch
230. The reason for this i1s that the mput D to latch 220
depends on the output Q of the latch (not shown) preceding
latch 210 because latch 220 1s clocked by the same clock
signal as latch 210 (latch 210 is transparent). In contrast, the
value of the 1nput D to latch 230 depends upon the output Q
of latch 220 because latches 220 and 230 are clocked by

different clock signals (i.e., latch 220 is not transparent).

In contrast, flip-flops cannot be transparent. Because of
this, flip-flops become 1nherent 1n a cycle based emulation
environment, 1.€., the output of datapath 215 and datapath
2235 will be stored 1n flip-flops 220 and 230 respectiully. This
property of flip-flops makes them 1deal for this type of
emulation environment. On the other hand, the transparency
of latches makes them difficult to emulate. While 1t 1s
possible to just substitute flip-flops for the latches in the
user’s design and over-sampling the signal that 1s mput to
the flip-flops to obtain the desired transparency effect, such
a method results 1n significantly slower emulation speeds.
Reduced emulation speed i1s highly undesirable. Thus a
method of optimizing latch-based design for emulation 1n a
processor-based emulation system 1s needed.

SUMMARY OF THE INVENTION

The present invention overcomes the problems and dis-
advantages of the prior art through a unique method of
optimizing a user’s logic design. The methods of the present
invention operate by analyzing a user’s design to determine
whether 1t incorporates latches. If the design incorporates
latches, the embodiments of the present invention then
determine which of the latches 1n the user’s design must be
fransparent, 1.€., the present invention determines which
latches of the user’s design are transparent latches. Con-
secutive latches that are clocked by the same phase of the
same clock signal (or the same clock signal), are transparent.
For those latches in a user’s design which are not
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4

transparent, the present invention transforms the latch m the
user’s design to a tlip-flop. If the latch 1n the user’s design
1s transparent, the present invention must take the transpar-
ency of the latch into account when performing the optimi-
zation. If the transparent latch does not have a clock enable
mput, 1t 1s transformed to an unclocked buifer. If the
transparent latch has an enable input, it 1s transformed into
a logic circuit whose mput from the datapath feeding the
latch 1s placed on both the 1nput D of the flip and the 1nput
to an unclocked buffer. The output Q of the flip-flop 1is
provided to the first data input of two-to-one multiplexer
while the output from the unclocked buffer 1s provided to the
second data mput of the two-to-one multiplexer. The select
input of the two-to-one multiplexer 1s provided by the enable
signal which was the original mput the transparent latch.
This same signal 1s also 1nput to the enable input of the
flip-flop.

The present mvention, if necessary, can convert designs
from multi clock (multiple, multi-nononverlapping phase
clocks) to a single clock design. As discussed, this step 1s not
necessary if the emulation processors can handle more than
one clock signal. Specifically, the present invention adds
logic gates, which in a preferred embodiment are AND
cgates, to the immputs of the clock enable inputs of the
flip-flops. The logic gates have as a first input the enable
signal that formed the mnput to the latch of the user’s design.
A second mput to the logic gate 1s the clock signal that
formed the clock 1nput to the unoptimized latch. This clock
signal 1s 1nverted prior to being input to the logic gate.

The above and other preferred features of the invention,
including various novel details of implementation and com-
bination of elements will now be more particularly described
with reference to the accompanying drawings and pointed
out 1n the claims. It will be understood that the particular
methods and circuits embodying the invention are shown by
way of 1illustration only and not as limitations of the imven-
tion. As will be understood by those skilled in the art, the
principles and features of this invention may be employed 1n
various and numerous embodiments without departing from
the scope of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference 1s made to the accompanying drawings in
which are shown 1illustrative embodiments of aspects of the
invention, from which novel features and advantages will be
apparent.

FIG. 1 1s a schematic drawing of a flip-flop logic element.

FIG. 2 1s a graph of the signal traces for an exemplary

clock signal, input signal and output signal for the flip-flop
of FIG. 1.

FIG. 3 1s a schematic drawing of a latch logic element.

FIG. 4 1s a graph of the signal traces for an exemplary
clock signal, mput signal and output signal for the latch of

FIG. 3.

FIG. 5a 1s a basic block diagram of the architecture of a
logic element of a preferred emulation processor for use 1n
a processor-based emulation system.

FIG. 5b 1s a block diagram of a clock generation circuit.

FIG. 6 1s a schematic diagram of a latch-based logic
circuit prior to being optimized by the methods of the
present 1nvention.

FIG. 7 1s a schematic diagram of a latch-based logic
circuit having consecutive latches that are clocked by dif-
ferent phases of the same clock signal.

FIG. 8 1s a diagram showing an optimization using the
methods of the present invention.
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FIG. 8a shows signal traces of a positive transparency
latch and a negative edge triggered flip-flop.

FIG. 9 1s a diagram showing an additional optimization
using the methods of the present invention.

FIG. 10 1s a schematic diagram of the logic circuit of FIG.
8 after being optimized using the methods of the present
invention.

FIG. 11 1s a schematic diagram of a latch-based logic
circuit having consecutive latches that are clocked by the
same phase of the same clock signal.

FIG. 12 1s a diagram showing an additional optimization
using the methods of the present invention.

FIG. 13 1s a diagram showing an additional optimization
using the methods of the present invention.

FIG. 14 1s a diagram showing an additional optimization
using the methods of the present invention.

FIG. 15 1s a schematic diagram of the logic circuit of FIG.
11 after being optimized using the methods of the present
invention.

FIG. 16 1s a schematic diagram of the logic circuit of FIG.
11 after being optimized using the methods of the present
invention where one of the latches does not have an enable

input.
FIG. 17 1s a schematic diagram of a latch-based logic

circuit where consecutive latches are clocked by the same
phase of the same clock signal.

FIG. 18 1s a schematic diagram of the logic circuit of FIG.
17 after being optimized using the methods of the present
invention.

FIG. 19 1s a schematic diagram of a latch-based logic
circuit where consecutive latches are clocked by the same
phase of the same clock signal.

FIG. 20 1s a schematic diagram of the logic circuit of FIG.
19 after being optimized using the methods of the present
invention.

FIG. 21 1s a schematic diagram of a mulfiple clock
latch-based logic circuit where consecutive latches are
clocked by the same phase of the same clock signal.

FIG. 22 1s a schematic diagram of the logic circuit of FIG.
21 after being optimized using the methods of the present
invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Turning to the figures, the presently preferred method of
the present invention will now be described.

The present 1mvention operates by performing transfor-
mations 1n the user’s logic design prior to emulation. Prior
to emulating the design, a logic emulation system using the
concepts of the present invention will evaluate the design,
and optimize 1t for emulation using transformed logic. The
optimized circuit allows the present invention to emulate a
logical equivalent of the design, thus preserving the func-
tions of emulation, one of which 1s the functional verifica-
tion of the design. Thus, the transformations optimize the
design for emulation.

The transformations that the present mnvention makes in
the logic design undergoing emulation are as follows. The
present mvention transforms latch-based designs that have
multiple, multi-nononverlapping phase clocks to a flip-flop-
based design. If desired, the present invention can transform
the user’s design to a single clock design. The present
invention analyses the design, and for each latch, determines
what type of transformation 1s required to maintain logical
equivalency. Presently preferred emulation processors only
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6

have the capability of handling a single clock signal. Thus,
the present invention optimizes the clock path by converting
the circuit to a single clock system which utilizes the master
clock of the emulation processor. If emulation processors are
used that have multi-clock capabilities, converting the cir-
cuit to a single clock system 1s not necessary.

For latches that are 1n consecutive stages clocked by
different phases of the clock, 1.e., phase 1 (Aph_ 1) and
phase 2 (Aph_ 2), the latches are non-transparent. Such a

circuit 1s shown 1n FIG. 7. The circuit path 300 of FIG. 7, 1s
comprised of latch 310, the output Q of which feeds datapath
315. The mput to latch 310 comes from datapath 305.
Datapath 315 feeds the input D of latch 320. The output Q
of latch 320 feeds datapath 325, which feeds the mnput D of
latch 330. The enable 1nput of latches 310, 320 and 330 are
supplied with signals E_1, E_2 and E_ 3, respectively.
Latch 310 1s clocked by clock signal Aph_ 1; latch 320 1s
clocked by clock signal Aph_ 2; and latch 330 1s clocked by
clock signal Aph_ 1. Clock signals Aph_ 1 and Aph_ 2 are
different phases of the same master clock signal FCLK, as
seen 1n FIG. 5.

Because none of the successive latches are clocked by the
same phase of the master clock signal FCLK, a transparency
condition does not exist. Therefore, using the concepts of the
present invention, the latch can be transformed by a flip-tlop.
This basic optimization 1s seen in FIG. 8. The latch 250 of
FIG. 8 has as its mnput D the output of a datapath 255. Latch
250 has a signal E mput to its enable mnput and 1s clocked by
signal phl. Because there 1s no transparency, latch 250 can
be transformed imto flip-tlop 260. Flip-flop 260 has as its
input D the output of the same datapath 255 that fed the latch
250. Flip-flop 250 has the same signal E input to its enable
mput. The clock mput to flip-tlop 260 1s the inverted clock
signal phl. FIG. 8a shows signal traces which explain why
the clock 1put to flip-flop 260 1s the 1mnverted clock signal
phl. Specifically, a latch needs to memorize the mput value
(D) at the time when the clock signal phl is low. A negative
edge flip-flop (i.e., flip-flop with the clock input signal
inverted), will memorize the input signal D when the clock
signal phl 1s low.

After the latch 250 1s transformed into flip-flop 260, the
flip-flop can be transformed 1nto a single clock system which
utilizes the system’s master clock. This transformation 1s
shown m FIG. 9. As shown 1 FIG. 9, the present invention
adds logic gate 265 and places the output of logic gate 265
onto the enable mput of the flip-flop 260. In a preferred
embodiment, logic gate 265 1s an AND gate. Logic gate 265
has the enable signal E that formed the enable mnput E to
latch 250 as 1ts first input. The second 1nput to logic gate 2635
1s the 1mverted clock phase signal phl. The target system’s
master clock FCLK 1s then placed on the clock mput of
flip-flop 260.

The optimized circuit 340 of the original latch-based
design of FIG. 7 1s shown 1n FIG. 10. As seen 1 FIG. 10,
the present mvention has transformed the latches 310, 320
and 330 into flip-tlops 350, 360 and 370, respectiully.
Datapath 305, datapath 315 and datapath 325 remain the
same. In addition, in the manner described above, the
present invention has added logic to the enable mnputs of the
flip-flops 350, 360 and 370 to convert the design to a single
clock design. As discussed, this step 1s necessary 1 the
emulation processors can handle more than one clock signal.
Specifically, the present invention has added logic gates 3735,

380 and 385. In a preferred embodiment shown in FIG. 10,
logic gates 375, 380 and 385 are AND gates. The output of
logic gate 375 feeds the enable input of flip-tlop 350, the
output of logic gate 380 feeds the enable mnput of tlip-flop
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360, and the output of logic gate 385 feeds the mput of
flip-flop 370. Logic gates 375, 380 and 390 have as a first
input the enable signals that formed the inputs to the latches
310, 320 and 330 of the unoptimized circuit 300. Thus, logic

cgate 375 has the enable signal E__1 as 1ts first input, logic
cgate 380 has the enable signal E_ 2 as its first 1nput, and
logic gate 385 has the enable signal E_ 3 as its first input.
Logic gates 375, 380 and 390 have as a second input the
inverted clock phase signal. Thus, logic gate 375 has the
inverted clock signal Aph_ 1 as its second 1nput, logic gate
380 has the mnverted clock signal Aph_ 2 as 1ts second input
and logic gate 385 has the mverted clock signal Aph_ 1 as
its second 1nput.

In contrast to circuit 300, latches 1n consecutive stages of
a circuit path that are clocked by the same phase of the clock
are transparent. As discussed above, when transparency
exists, the basic flip-flop transformation 1s not possible
because the emulated circuit has to account for the
transparency, which 1s not possible with a flip-tflop by 1tself.
A circuit 400 where the latches exhibit transparency 1s
shown 1n FIG. 11. The circuit 400 of FIG. 11 1s comprised
of latch 410, the output Q of which feeds datapath 415. The
input to latch 410 comes from datapath 405. Datapath 415
feeds the mput D of latch 420. The output Q of latch 420
feeds datapath 425, which feeds the mput D of latch 430.
The enable 1nput of latches 410, 420 and 430 are supplied
with signals E. 1, E_ 2 and E_ 3, respectively. Latch 410 1s
clocked by clock signal Aph_ 1; latch 420 1s clocked by
clock signal Aph_ 2; and latch 430 1s also clocked by clock
signal Aph_ 2. Clock signals Aph__ 1 and Aph_ 2 are ditfer-

ent phases of the same master clock signal FCLK, as seen in
FIG. §.

Because latches 420 and 430 are clocked by the same
clock signal, for example, the same phase of the same master
clock signal FCLK, latches 420 and 430 are transparent with
respect to each other. Therefore, latch 420 cannot be trans-
formed 1nto a flip-flop alone. The basic optimizations of the
present mvention for transparent latches are seen 1n FIGS.
12 and 13. The latch 450 of FIG. 12 has as its input D the
output of a datapath 455. Latch 450 has a signal E mput to
its enable 1mput and 1s clocked by signal phi. The latch 460
of FIG. 12 has as 1ts input D the output of a datapath 4635.
Latch 460 does not have an enable input. In the case of the
latch 460 without an enable input, the latch 460 1s trans-
formed to an unclocked butfer. The unclocked butfer allows
the signal output from datapath 4635 to pass right through to
the next datapath, thereby maintaining transparency.

In contrast, when a latch has enable mnputs, such as latch
450, the transformation creates two paths. The first path
created by the transformation has a flip-flop 470 with an
inverted clock input and the second path has an unclocked
buffer 475. Such a transformation takes place because latch
450 can either be transparent or non-transparent, depending
upon the state of the enable input. If latch 450 1s a positive
transparency latch and 1s enabled, then latch 450 1s trans-
parent. If latch 450 1s a positive transparency latch and 1s
disabled, then latch 450 1s not transparent. Thus, for latches
450 that are 1n consecutive stages and clocked by the same
clock phase signal (e.g., clock signal phi) the embodiments
of the present invention will transform latch 450 as follows.
The output of datapath 455 will be communicated to the
input D of tlip-flop 470. The output of datapath 455 will also
be communicated to the 1nput of unclocked bufier 475. The
output Q of flip-flop 470 1s communicated to a first data
input of multiplexer 480. The output of unclocked butiler 475
1s communicated to a second data input of multiplexer 480.
The enable signal E 1s communicated to both the enable
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input of the flip-flop 470 and the select mnput of multiplexer
480. Thus, depending upon the state of the enable input,
either the output Q of flip-tlop 470 or the output of buffer
475 will be switched to the output of multiplexer 480. For
example, 1f the enable signal 1s “high™, latch 450 1s trans-
parent. In the transformed circuit, if the enable signal 1s
“high”, the enable signal that 1s communicated to the select
input of multiplexer 480 “selects” the signal on the second
data input, which 1s the output Slgnal from buffer 475. Thus,
the output signal from butfer 475 1s placed onto the output
of multiplexer 480. In contrast, if the enable signal 1s “low”,

latch 450 1s not transparent. In the transformed circuit, 1f the
enable signal 1s “low, the enable signal that 1s communicated
to the select mnput of multiplexer 480 “selects” the signal on
the first data input, which 1s the output Q of flip-tlop 470.
Thus, the output Q of tlip-flop 470 1s placed onto the output

of multiplexer 480.

After the latch 450 or the latch 460 1s transformed, the

transformed circuits can be transformed 1nto a single clock
system which utilizes the system’s master clock, if a single
clock system 1s desired. In the case of latch 460, which has
been transformed 1nto an unclocked buffer, no further trans-
formation need take place. However, latch 450, which has an
enable 1nput, and which has been transformed into the
flip-flop/buffer/multiplexer circuit of FIG. 12, does require a
further transformation. This transformation 1s shown 1n FIG.
14. As shown 1n FIG. 14, the present invention adds logic
cate 485 and places the output of logic gate 485 onto the
enable 1input of the flip-tlop 470. In a preferred embodiment,
logic gate 485 1s an AND gate. Logic gate 485 has the enable
signal E that formed the enable mnput E to latch 450 as its
first input. The second input to logic gate 485 1s the inverted

clock phase signal phl. The target system’s master clock
FCLK 1s then placed on the clock mput of flip-flop 470.

The optimized circuit 500 of the original latch-based
design of FIG. 11 1s shown in FIG. 15. As scen 1n FIG. 135,
the present mvention has transtormed the latch 410 mto a
flip-flop 510. Datapath 405 remains the same. In addition, in
the manner described above, the present invention has added
logic to the enable mnput of the flip-flop 510 to convert the
design to a single clock design. As discussed, this step 1s not
necessary if the emulation processors used 1n the emulation
system can handle more than one clock signal. Specifically,
the present invention has added logic gate 505. In a preferred
embodiment shown 1n FIG. 15, logic gate 510 1s an AND
cgate. The output of logic gate 510 feeds the enable 1nput of
flip-flop 510. Logic gate 505 has as a first 1nput the enable
signal E_ 1 that formed the enable 1nput to latch 410 of the
unoptimized circuit 400. Logic gate 505 has a second input
the 1nverted clock phase signal Aph_ 1.

Because latch 420 1s the first 1n a series of two consecutive
latches that are clocked by the same phase of the clock
(Aph__2), latch 420 is transparent to latch 430 and must be
transformed to the flip-tlop/buffer/multiplexer circuit of
FIG. 14. Thus, the output Q of flip-tlop 510 feeds datapath
415, the output of which feeds both the 1nput D of flip-flop
520 and the mnput of unclocked bufier 518. The output Q of
flip-flop 520 1s communicated to the first data nput of
multiplexer 522 while the output of unclocked bufler 518 1s
communicated to the second data input of multiplexer 522.
The enable signal E_ 2 1s a first input to logic gate 515 and
the 1nverted clock phase Aph_ 2 1s a second 1nput to logic
cgate 515. The output of logic gate 515 1s communicated to
both the enable mput of flip-flop 520 and the select mput of
multiplexer 522. Because latch 430 follows a latch which is
clocked by the same phase clock but 1s followed by a latch

1s clocked by a different phase of the clock, the present
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invention transforms latch 430 mto tlip-tlop 530. The reason
for this, as discussed, 1s that latch 430 1s not transparent to
the latch (not shown) following it. Thus, the output of
multiplexer 522 1s provided to the input of datapath 425. The
output of datapath 425 1s communicated to the mnput D of
flip-flop 530. In addition, 1n the manner described above, the
present invention has added logic to the enable mput of the
flip-flop 530 to convert the design to a simgle clock design.
As discussed, this step 1s not necessary if the emulation
processors can handle more than one clock signal.
Specifically, the present mnvention has added logic gate 5285.
In a preferred embodiment shown 1n FIG. 15, logic gate 525
1s an AND gate. The output of logic gate 525 feeds the
enable mput of tlip-flop 530. Logic gate 525 has as a first
input the enable signal E_ 3 that formed the enable mput to
latch 430 of the unoptimized circuit 400. Logic gate 525 has
a second 1mput the mverted clock phase signal Aph_ 2.

If latch 420 of circuit 400 of FIG. 11 had no enable logic,
the present mvention would transform 1t in the manner
shown 1n FIG. 16. As seen in FIG. 16, the present mnvention
has transformed the latch 410 into a flip-flop 510. Datapath
405 remains the same. In addition, in the manner described
above, the present invention has added logic to the enable
input of the tlip-tlop 510 of FIG. 16 to convert the design to
a single clock design. As discussed, this step 1s not necessary
if the emulation processors can handle more than one clock.
Specifically, the present mnvention has added logic gate 503.
In a preferred embodiment shown 1n FIG. 16, logic gate 510
1s an AND gate. The output of logic gate 510 feeds the
enable mput of flip-flop 510. Logic gate 505 has as a {first
input the enable signal E_ 1 that formed the enable input to
latch 410 of the unoptimized circuit 400. Logic gate 503 has
a second 1mput the mverted clock phase signal Aph_ 1.

Because latch 420 1s the first 1n a series of two consecutive
latches that are clocked by the same phase of the clock
(Aph_ 2), latch 420 is transparent to latch 430. However,
because there 1s no clock enable logic, it 1s not necessary to
transform latch 420 into the tlip-tlop/buller/multiplexer cir-
cuit of FIG. 14. Thus, the output Q of flip-flop 510 feeds the
input to datapath 415, the output of which feeds the mput to
unclocked buffer 550. This logic maintains transparency at
all times. Because latch 430 of FIG. 11 follows a latch which
1s clocked by the same phase clock but 1s followed by a latch
1s clocked by a different phase of the clock, latch 430 1s not
transparent to the latch (not shown) which follows it. Thus,
the present 1nvention transtorms latch 430 into flip-tlop 530.
Thus, the output of unclocked butfer 550 1s provided to the
input of datapath 425. The output of datapath 425 1s com-
municated to the mput D of flip-tlop 530. In addition, 1n the
manner described above, the present invention has added
logic to the enable mput of the flip-flop 530 to convert the
design to a single clock design. As discussed, this step 1s not
necessary if the emulation processors can handle more than
one clock signal. Specifically, the present mvention has
added logic gate 525. In a preferred embodiment shown 1n
FIG. 16, logic gate 525 1s an AND gate. The output of logic
cgate 525 feeds the enable mput of flip-flop 530. Logic gate
525 has as a first input the enable signal E_ 3 that formed the
enable input to latch 430 of the unoptimized circuit 400.
Logic gate 525 has a second 1nput the inverted clock phase
signal Aph_ 2.

In yet another example of how the embodiments of the
present invention optimize latch-based designs for cycle-
based emulation, reference 1s made to FIGS. 17-18. In the
circuit 600 of FIG. 17, consecutive latches are clocked by
the same clock phase, thereby leading to transparency.
However, the second of the consecutive latches and at least
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one other latch are driven by the same datapath logic, but
different clock phases. Specifically, the output of datapath
605 feeds the input D of latch 610. Enable signal E_ 2 feeds
the enable mput of latch 610. The output Q of latch 610
feeds the 1nput to datapath 615. The output of datapath 615
1s communicated to both the mput Q of latch 620 and the
mput Q of latch 630. Latches 610 and 620 are clocked by the
clock signal Aph_ 2 while latch 630 1s clocked by the clock
signal Aph__1. The latch (not shown) following latch 620 is
clocked by clock signal Aph_ 1 and the latch (not shown)
following latch 630 1s clocked by the clock signal Aph_ 2.
Enable signals E_ 3 and E_4 feed the enable inputs of
latches 620 and 630, respectively.

Because latches 610 and 620 are clocked by the same
phase of the clock (in this example, Aph_ 2), latch 610 must
be transformed 1nto the flip-flop/bufter/multiplexer circuit of

FIG. 14. The optimized version of circuit 600 1s shown 1n
FIG. 18. The output of datapath 6035 feeds both the input D

of tlip-tflop 640 and the mput of unclocked buifer 645. The
output Q of flip-tlop 640 feeds the first data put of
multiplexer 650 while the output of unclocked buffer 645
feeds the second data input of multiplexer 650. The enable
signal E_ 2 1s a first input to logic gate 635 while the
inverted clock phase Aph_ 2 1s a second 1nput to logic gate
635. The output of logic gate 635 1s communicated to both
the enable mput of flip-tlop 640 and the select input of
multiplexer 650. Because latch 620 follows a latch which 1s
clocked by the same phase clock but 1s followed by a latch
(not shown) that is clocked by a different phase of the clock,
latch 620 1s not transparent to that latch. Thus, the present
invention transforms latch 620 into flip-tlop 635. Thus, the
output of multiplexer 650 1s provided to the input of datapath
615. The output of datapath 615 1s communicated to the
inputs D of both tlip-flops 655 and 665. In addition, 1n the
manner described above, the present invention has added
logic to the enable 1nputs of the flip-flops 655 and 665 1n
order to convert the design to a single clock design. As
discussed, this step 1s not necessary 1f the emulation pro-
cessors can handle more than one clock signal. Specifically,
the present mnvention has added logic gates 660 and 670. In
a preferred embodiment shown 1n FIG. 18, logic gates 660
and 670 are AND gates. The output of logic gate 660 feeds
the enable mput of flip-flop 655. Logic gate 660 has as a first
input the enable signal E__ 3 that formed the enable input to
latch 620 of the unoptimized circuit 600. Logic gate 660 has
a second 1mput the inverted clock phase signal Aph_ 2. The
output of logic gate 670 feeds the enable mnput of tlip-flop
665. Logic gate 670 has as a first input the enable signal E_ 4
that formed the enable 1nput to latch 630 of the unoptimized
circuit 600. Logic gate 670 has a second 1nput the inverted
clock phase signal Aph_ 1.

In yet another example of how the embodiments of the
present invention optimizes latch-based designs for cycle-
based emulation, reference 1s made to FIGS. 19-20. In the
circuit 700 of FIG. 19, one of two latches that 1s driving the
datapath feeding a third latch 1s clocked by the same clock
phase as the third latch. Specifically, the output of datapath
705 feeds the input D of latch 710. Enable signal E_ 2 feeds
the enable 1nput of latch 710. Latch 710 1s clocked by the
clock phase signal Aph_ 1. The output Q of latch 710 feeds
the mput to datapath 715. In addition, circuit 700 also
comprises datapath 725, the output of which feeds the 1input
D of latch 720. Enable signal E_ 4 feeds the enable input of
latch 720. Latch 720 1s clocked by the clock phase signal
Aph_ 2. Like latch 710, the output Q of latch 720 feeds the
mput to datapath 7135.

The output of datapath 715 1s communicated to the 1nput
D of latch 730. Enable signal E_ 3 feeds the enable input of
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latch 730. Latch 730 1s clocked by the clock phase signal
Aph_ 2, just as 1s latch 720. Thus, latches 720 and 730 are

consecutive latches which are clocked by the same phase of
the clock. As discussed, this leads to a transparency condi-
tion. The present invention optimizes circuit 700 for emu-
lation using the concepts of the present invention described
herein. Specifically, since latch 710 1s not clocked by the
same clock as a consecutive latch, it can use the transfor-
mation of FIGS. 8-9. Thus, the present invention transforms
latch 710 1nto a flip-flop 740 whose 1mnput D 1s provided by
the output of datapath 703. To convert circuit 700 to a single
clock design, the present invention has added logic to the
enable input of flip-flop 740 1n the manner described above.
Specifically, the present mmvention has added logic gate 7385.
In a preferred embodiment shown 1n FIG. 20, logic gate 735
1s an AND gate. The output of logic gate 735 feeds the
enable mput of flip-flop 740. Logic gate 735 has as a first
input the enable signal E_ 2 that formed the enable input to
latch 710 of the unoptimized circuit 700. Logic gate 735 has
a second 1mput the inverted clock phase signal Aph_ 1. The

output of logic gate 735 feeds the enable 1mnput of tlip-flop
740.

Because latches 720 and 730 are clocked by the same
phase of the clock (in this example, Aph_ 2), latch 720 must
be transformed 1nto the flip-flop/buffer/multiplexer circuit of
FIG. 14. As shown 1 FIG. 20, the output of datapath 725
feeds both the mput D of flip-flop 750 and the input of
unclocked buffer 7535. The output Q of flip-tlop 750 feeds the
first data mput of multiplexer 760 while the output of
unclocked buffer 755 feeds the second data input of multi-
plexer 760. To convert the design 700 to a single clock
design, the enable signal E_ 4 1s a first mnput to logic gate
745 while the mverted clock phase Aph_ 2 1s a second 1nput
to logic gate 745. The output of logic gate 745 1s commu-
nicated to both the enable input of flip-lop 750 and the
select input of multiplexer 760.

Because latch 730 follows a latch which 1s clocked by the
same phase clock but is followed by a latch (not shown) is
clocked by a different phase of the clock, latch 730 1s not
transparent to the proceeding latch. Thus, the present inven-
tion transforms latch 730 into tlip-flop 765. Thus, the output
of multiplexer 760 1s provided to the input of datapath 7185.
The output of datapath 715 1s communicated to the mput D
of flip-flop 765. In addition, 1n the manner described above,
the present invention has added logic to the enable 1nput of
flip-flop 765 to convert 1t to a single clock design. As
discussed, this step 1s not necessary 1f the emulation pro-
cessors can handle more than one clock signal. Specifically,
the present invention has added logic gate 770. In a preferred
embodiment shown 1 FIG. 20, logic gate 770 1s an AND
cgate. The output of logic gate 770 feeds the enable mnput of
flip-flop 765. Logic gate 765 has as a first input the enable
signal E_ 3 that formed the enable 1nput to latch 730 of the
unoptimized circuit 700. Logic gate 770 has a second input
the 1nverted clock phase signal Aph_ 2. The output of logic
cgate 770 feeds the enable 1nput of flip-tlop 765.

Another example of how a latch-based circuit design can
be optimized for logic emulation 1s shown 1n FIGS. 21-22.
Specifically, FIG. 21 shows a circuit 800 comprised of
multiple clock signals. Specifically, the circuit of FIG. 21
has two clocks, A and B. Clocks A and B are generated by
the clock generation circuit 100 shown i FIG. 5. As
discussed, clock generation circuit 100 utilizes the input
clock signal FCLK to generate clock signals A and B. The

clock generation circuit further generates non-overlapping
phases of clock A (signal Aph_ 1 and Aph_ 2) and clock B

(signals Bph_ 1 and Bph_ 2).
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The circuit 800 1s comprised of datapath 705, the output
of which 1s the input D to latch 810. Latch 810 1s clocked by
the clock signal Aph_ 1 and has signal AE1 as its enable

input. The output Q of latch 810 1s the input to datapath 8135.
The output of datapath 815 is the mnput D to latch 820. Latch
820 1s clocked by the clock signal Aph_ 2 and has signal
AE2 as its enable mput. The output Q of latch 820 1s the
input to datapath 825. Datapath 825 has a signal path to
datapath 860 and an output that 1s the input D to latch 830.
Latch 830 1s clocked by the clock signal Aph_ 2 and has a
signal AE3 as 1ts enable input. Thus, latches 820 and 830 are
clocked by the same phase of the same clock signal. The
stage of the circuit 800 that follows latch 830 1s clocked by
the clock signal Aph_ 1. Circuit 800 1s also comprised of
datapath 850, the output of which 1s the input D to latch 8535.
Latch 855 1s clocked by the clock signal Bph_ 1 and has
signal BE1 as its enable mput. The output Q of latch 8535 1s
the mput to datapath 860. As discussed, datapath 860 has a
signal path to datapath 825. The output of datapath 860 1s the
mput D to latch 865. Latch 865 1s clocked by the clock signal
Bph_ 1 and has the signal BE2 as its enable input. Thus,
latches 855 and 865 are clocked by the same phase of the
same clock signal. The output Q of latch 865 1s the mput to
datapath 870. The output of datapath 870 forms the mput D
to latch 875. Latch 8735 1s clocked by the clock signal Bph_ 2
and has the signal BE3 as its input signal. The stage of
circuit 800 that follows latch 875 1s clocked by the clock
signal Bph_ 2.

The present invention optimizes circuit 800 for emulation
as follows. Because latches 810 and 820 are clocked by a
different phases of the same clock signal, the present inven-
tion will transform latch 820 into tlip-tlop 900. The output
of datapath 805 1s provided to the mput D of flip-tflop 900.
To convert the circuit 800 to a single clock design, the
present mvention adds logic gate 905 to the transformed
circuit 1n the manner described above. Specifically, the
present invention provides the enable signal AEl as a first
mput to logic gate 905 while the inverted clock phase
Aph_1 1s a second mput to logic gate 905. Then, tlip-tlop
900 can be clocked by the system master clock FCLK. The

output of logic gate 903 1s communicated to the enable input
of thip-flop 900. Because latches 820 and 830 are clocked by
the same clock signal, 1n this case Aph_ 2, latch 820 must be
transformed 1nto the flip-tlop/buffer/multiplexer circuit of

FIG. 14. Thus, as shown 1n FIG. 22, the output of datapath
815 feeds both the mnput D of flip-flop 910 and the mput of
unclocked bufier 920. The output Q of flip-flop 910 feeds the
first data mput of multiplexer 925 while the output of
unclocked buffer 920 feeds the second data input of multi-
plexer 925. To convert circuit 800 to a single clock design,
the enable signal AE3 1s a first input to logic gate 915 while
the 1nverted clock phase Aph_ 2 1s a second 1nput to logic
cgate 915. The output of logic gate 915 1s communicated to
both the enable mput of flip-flop 910 and the select mput of
multiplexer 925. This allows flip-flop 910 to be clocked by
the master clock signal FCLK.

Because latch 830 follows a latch which 1s clocked by the
same phase clock (latch 820) but is followed by a latch is
clocked by a different phase of the clock, latch 830 1s not
transparent to the proceeding latch. Thus, the present inven-
tion transforms latch 830 into flip-tlop 930. Thus, in the
optimized circuit, the output of multiplexer 925 1s provided
to the mput of datapath 825. The output of datapath 8235 1is
communicated to the mnput D of tlip-flop 930. In addition, in
the manner described above, the present invention has added
logic to the enable mput of flip-flop 930 to convert 1t to a
single clock design. As discussed, this step 1s not necessary
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if the emulation processors can handle more than one clock
signal. Specifically, the present invention has added logic
cgate 935. In a preferred embodiment shown 1n FIG. 22, logic
cgate 935 1s an AND gate. The output of logic gate 935 feeds
the enable mput of flip-flop 930. Logic gate 935 has as a first
input the enable signal AE3 that formed the enable 1nput to
latch 830 of the unoptimized circuit 800. Logic gate 935 has
a second 1mnput the inverted clock phase signal Aph_ 2. The
output of logic gate 935 feeds the enable mput of tlip-flop
930. The addition of logic gate 935 allows flip-tlop 930 to be
clocked by the system master clock FCLK.

Because latch 855 1s followed by a latch 865 which 1s

clocked by the same phase of the same clock (i.e., the same
clock signal), in this case Bph__ 1, the present invention will
transform latch 83535 to the tlip-tlop/butfer/multiplexer circuit
of FIG. 14. Thus, the present mnvention, as shown in FIG. 22,
transforms the circuit 800 as follows. The output of datapath
850 feeds both the input D of flip-flop 940 and the 1nput of
unclocked butifer 950. The output Q of flip-flop 940 feeds the
first data mput of multiplexer 955 while the output of
unclocked buifer 950 feeds the second data input of multi-
plexer 955. To convert circuit 800 to a single clock design,
the enable signal BE1 1s a first input to logic gate 945 while
the 1mverted clock phase Bph_ 1 1s a second input to logic
cgate 945. The output of logic gate 945 1s communicated to
both the enable 1nput of flip-tflop 940 and the select input of
multiplexer 955. This allows flip-flop 940 to be clocked by
the master clock signal FCLK.

Because latch 865 follows a latch which 1s clocked by the
same phase clock (latch 855) but is followed by latch 8785,
which 1s clocked by a different phase of the clock, latch 865
1s not transparent to latch 875. Thus, the present mnvention

transforms latch 865 into flip-flop 960. Thus, in the opti-
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mized circuit, the output of multiplexer 955 1s provided to
the mput of datapath 860. The output of datapath 860 is
communicated to the mnput D of tlip-flop 960. In addition, in
the manner described above, the present invention has added
logic to the enable mput of flip-flop 960 to convert 1t to a
single clock design. As discussed, this step 1s not necessary
if the emulation processors can handle more than one clock
signal. Specifically, the present invention has added logic

cgate 9635. In a preferred embodiment shown 1n FIG. 22, logic
cgate 965 1s an AND gate. The output of logic gate 965 feeds
the enable mput of tlip-flop 960. Logic gate 965 has as a first
input the enable signal BE2 that formed the enable input to
latch 865 of the unoptimized circuit 800. Logic gate 965 has
a second 1nput the inverted clock phase signal Bph__ 1. The
output of logic gate 965 feeds the enable mnput of flip-flop
960. The addition of logic gate 965 allows flip-tlop 960 to be
clocked by the system master clock FCLK.

Because latches 875 and the latch (not shown) that
immediately follows 1t are clocked by a different phases of
the same clock signal (i.e., Bph_ 2 for latch 875 and Bph_ 1
for the latch immediately following), the present invention
will transform latch 875 into flip-flop 970. The output of
datapath 870 1s provided to the mput D of flip-flop 970. To
convert the circuit 800 to a single clock design, the present
invention adds logic gate 975 to the transformed circuit in
the manner described above. Specifically, the present inven-
tion provides the enable signal BE3 as a first input to logic
cgate 975 while the inverted clock phase Bph_ 2 1s a second
input to logic gate 975. Then, flip-tlop 970 can be clocked
by the system master clock FCLK.

Preferred algorithm for performing the present invention
are as follows:

// Determine which Latches need to be transparent
for (each storage element in the design) do
record 1ts clock and phase;
backward search through data cones and stop at storage element or primary [Os;
for (all the storage elements encountered in the search) do
if (the storage element is clocked by the same clock and same phase) then

mark the storage element to be NEED__TO_ BE_ TRANSPARENT;
endif

endfor
endfor

//Perform the optimizations

/1. Substitute latches to FE, Buffer, or the FF-Buf-Mux cell
// 2. Using the FCLK as the clock for the storage element by transform the clock
// enable logic.

for (each storage element in the design) do
if (the storage element is marked as NEED_TO__ BE_TRANSPARENT) then
if (there is logic at clock enable) then
substitute the latch with FEF-Bufter-Mux cell;

-D pin of FF and mnput pin of Buifer connects to data path as D-pin

of the latch;

-EN pin of FF and Select pin of the MUX connect to the clock
enable logic as the EN pin of the Latch;

-Q pin of the FF and output pin of Buffer are the inputs to the

MUX;
-Output of MUX connects to the next stage of datapath as the Q
pin of the Latch;

substitute the clock with FCLK;
-disconnect the original clock at CK pin;
-disconnect clock enable logic at EN pin;
-create an AND gate;
-connect output of AND gate to EN pin of the FF;
-connect the clock enable logic to 1nput pin to the AND-gate;
-connect the original clock pin to the other mput pin to the AND-
gate (inverted if the latch was gated on falling edge of the clock);
-connect FCLK to the clock pin of the FF;

else
substitute Latch to Buffer;
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-Input pin of Buffer connect to the datapath output as the D-pin in

the Latch;

-Output of the Buffer connect to the next stage datapath as the Q-

pin in the Latch;
endif
else
substitute LATCH with Flip-Flop;
-disconnect the D, EN, CK and Q pin of the Latch;

-connect D and Q pins of the Flip-Flop with the logic corresponding to the

Latch;
-connect FCLK pin to the CK pin of the FF;
-create AND-gate;

-connect clock enable logic to one input pin on AND-gate;
-connect the original clock pin to the other mnput pin on AND-gate

(inverted if the latch was gated on falling edge of the clock);

endif

endfor

Thus, a preferred method optimizing a latch-based circuit
for logic emulation has been described. While embodiments
and applications of this mvention have been shown and
described, as would be apparent to those skilled in the art,
many more embodiments and applications are possible
without departing from the inventive concepts disclosed
herein. The mnvention, therefore 1s not to be restricted except
in the spirit of the appended claims.

We claim:

1. A method for optimizing a circuit for emulation com-
prising:

determining whether any latches 1n the circuit are trans-

parent latches and whether any of said latches are
non-transparent latches;

transforming at least one of said non-transparent latches
of the circuit mnto a first non-latch based transtormed
circuit; and

transforming at least one of said transparent latches of the
circuit into a second non-latch based transformed cir-
cuit

where said second non-latch based transformed circuit
comprises either a first unclocked buffer if said trans-
parent latch does not comprise an enable input or
wherein said second transformed circuit comprises a
flip-flop, a second unclocked buifer, and a multiplexer
if said transparent latch does comprise an enable 1nput,
said 1nputs to said tlip-flop and said second unclocked
buffer comprising the input to said transparent latch,
said output of said tlip-flop comprising a first data input
to said multiplexer, said output of said second
unclocked buffer comprising a second data input to said
multiplexer, said multiplexer comprising a select input
having as 1ts input the same signal mput to said enable
input of said transparent latch.

2. A method for optimizing a circuit for logic emulation

comprising;

determining whether any latches 1n the circuit are trans-
parent latches and whether any of said latches are
non-transparent latches;

transforming at least one of said non-transparent latches
of the circuit into a first non-latch based transformed
circuit; and

transforming at least one of said transparent latches of the
circuit 1nto a second non-latch based transformed cir-
cuit

wherein said transparent latch comprises an enable mput,
said second non-latch based transformed circuit com-
prising a flip-flop, an unclocked buffer, and a
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multiplexer, said flip-flop comprising a data input, an
enable 1nput, a clock mput and an output, said
unclocked buffer comprising an mput and an output,
said multiplexer comprising a first data mput, a second
data 1nput, and a select mput, said data mput to said
flip-flop and said i1nput to said buifer comprising the
mnput to said transparent latch, said output of said
flip-flop comprising said {first data input to said
multiplexer, said output of said bufler comprising said
second data mput to said multiplexer, said select input
of said multiplexer comprising the same signal input to
said enable mput of said transparent latch.

3. Amethod of creating an optimized circuit for emulation
from a user design, the user design comprising consecutive
latches, each latch of the consecutive latches comprising a
data 1nput, an output and a clock input, the consecutive
latches separated by a datapath, the datapath comprising an
input feeding combinational logic and an output, the output
of the datapath feeding the data mput to at least one of the
consecutive latches, the clock mput of each latch of the
consecutive latches receiving one of a plurality of clock
signals, the method comprising:

determining which of the consecutive latches are clocked
by 1dentical clock signals and which of the consecutive
latches are clocked by ditferent clock signals;

labeling each of the consecutive latches clocked by 1den-
tical clock signals as a transparent latch;

labeling each of the consecutive latches clocked by dif-
ferent clock signals as a non-transparent latch;

transforming said transparent latch into a first non-latch
based transformed circuit, said first non-latch based
transformed circuit comprising an input corresponding
to the mput of said transparent latch; and

transtforming said non-transparent latch into a second
non-latch based transformed circuit, said second non-
latch based transformed circuit comprising an input
corresponding to the mnput of said non-transparent
latch.
4. The method of claim 3 wherein said first non-latch
based transtormed circuit comprises an unclocked buffer.
5. The method of claim 3 wherein said second non-latch
based transformed circuit comprises a flip-tlop, said flip-tlop
comprising a data input, a clock mput, and an output, said
clock mput receiving an 1nverted one of the clock signal
received by said transparent latch.
6. The method of claim 3 wherein each latch of the
consecutive latches further comprise an enable 1nput.
7. The method of claim 6 wherein said first non-latch
based transformed circuit comprises a flip-flop, a buffer, and
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a multiplexer, said flip-tlop comprising a data input, an
enable mput a clock mput and an output, said buifer
comprising an 1nput and an output, said multiplexer com-
prising a first data input, a second data input, and a select
input, said data input to said tlip-flop and said input to said
buffer comprising the input to said transparent latch, said
output of said flip-flop comprising said first data mput to said
multiplexer, said output of said buifer comprising said
second data mput to said multiplexer, said select mnput of
said multiplexer comprising the same signal input to said
enable 1nput of said transparent latch, and said clock 1nput
of said flip-flip recerving an inverted one of the clock signal
received by said transparent latch.

8. The method of claim 7 further comprising the step of
placing an output of a logic gate onto said enable 1nput of
said flip-tlop, said logic gate having as a first input the same
signal mput to said enable mnput of said transparent latch,
said logic gate having said clock mput of said transparent
latch as a second input, said clock input being 1nverted.

9. The method of claim 6 wherein said second non-latch
based transformed circuit comprises a flip-tlop, said flip-tlop
comprising a data input, an enable input, a clock mput and
an output.

10. The method of claim 9 further comprising the step of
placing an output of a logic gate onto said enable 1nput of
said flip-tlop, said logic gate having as a first input the same
signal 1nput to said enable mput of said non-transparent
latch, said logic gate having said clock mput of said non-
transparent latch as a second 1nput, said clock mput being
inverted.

11. A method for optimizing a circuit for logic emulation
comprising:

determining whether any latches 1n the circuit are trans-

parent latches and whether any of said latches are
non-transparent latches;

transforming at least one of said non-transparent latches
of the circuit into a first transformed circuit; and

transforming at least one of said transparent latches of the
circuit into a second transformed circuit, wherein said

second transformed circuit comprises either a first
unclocked buit

er 1f said transparent latch does not
comprise an enable input or wherein said second trans-
formed circuit comprises a flip-flop, a second
unclocked bulifer, and a multiplexer if said transparent
latch does comprise an enable 1nput, said mputs to said
flip-flop and said second unclocked buifer comprising
the mput to said transparent latch, said output of said
flip-flop comprising a first data input to said
multiplexer, said output of said second unclocked
buffer comprising a second data input to said
multiplexer, said multiplexer comprising a select input
having as its mnput the same signal 1mnput to said enable
input of said transparent latch.
12. A method for optimizing a circuit for logic emulation
comprising:
determining whether any latches 1n the circuit are trans-
parent latches and whether any of said latches are
non-transparent latches;

transforming at least one of said non-transparent latches
of the circuit into a first transformed circuit;

transtorming at least one of said transparent latches of the
circuit 1nto a second transformed circuit; and

said transparent latch comprising an enable nput, said
second transformed circuit comprising a flip-flop, an
unclocked buffer, and a multiplexer, said flip-flop com-
prising a data input, an enable mnput, a clock input and
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an output, said unclocked buffer comprising an input
and an output, said multiplexer comprising a first data
input, a second data 1nput, and a select input, said data
input to said flip-flop and said 1nput to said buffer
comprising the input to said transparent latch, said
output of said tlip-flop comprising said first data input
to said multiplexer, said output of said buifer compris-
ing said second data input to said multiplexer, said
select 1mnput of said multiplexer comprising the same
signal mput to said enable mput of said transparent
latch.

13. A method of creating an optimized circuit for emula-
fion from a user design, the user design comprising con-
secutive latches, each latch of the consecutive latches com-
prising a data input, an output and a clock input, the
consecutive latches separated by a datapath, the datapath
comprising an input feeding combinational logic and an
output, the output of the datapath feeding the data mput to
at least one of the consecutive latches, the clock input of
cach latch of the consecutive latches receiving one of a
plurality of clock signals, the method comprising:

determining which of the consecutive latches are clocked
by 1dentical clock signals and which of the consecutive
latches are clocked by different clock signals;

labeling each of the consecutive latches clocked by 1den-
tical clock signals as a transparent latch;

labeling each of the consecutive latches clocked by dif-
ferent clock signals as a non-transparent latch;

transtorming said transparent latch into a first transformed
circuit, said first transformed circuit comprising an
input corresponding to the iput of said transparent
latch; and

transforming said non-transparent latch into a second
transformed circuit, said second transformed circuit
comprising an input corresponding to the input of said
non-transparent latch, said second transformed circuit
further comprising a flip-tlop, said flip-tlop comprising
a data input, a clock mput, and an output, said clock
input receiving an inverted one of the clock signal
received by said transparent latch.

14. A method of creating an optimized circuit for emula-
tion from a user design, the user design comprising con-
secutive latches, each latch of the consecutive latches com-
prising a data input, an output and a clock input, the
consecutive latches separated by a datapath, the datapath
comprising an input feeding combinational logic and an
output, the output of the datapath feeding the data mput to
at least one of the consecutive latches, the clock input of
cach latch of the consecutive latches receiving one of a
plurality of clock signals, the method comprising:

determining which of the consecutive latches are clocked
by 1dentical clock signals and which of the consecutive
latches are clocked by different clock signals;

labeling each of the consecutive latches clocked by 1den-
tical clock signals as a transparent latch;

labeling each of the consecutive latches clocked by dif-
ferent clock signals as a non-transparent latch;

transtorming said transparent latch into a first transformed
circuit, said first transformed circuit comprising an

input corresponding to the iput of said transparent
latch;

transforming said non-transparent latch into a second
transformed circuit, said second transformed circuit
comprising an input corresponding to the input of said
non-transparent latch; and
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wherein each latch of the consecutive latches further
comprise an enable input, said first transtormed circuit
further comprising a flip-flop, a bufler, and a
multiplexer, said flip-flop comprising a data input, an
enable mput, a clock mput and an output, said buifer
comprising an input and an output, said multiplexer
comprising a first data input, a second data input, and
a select mput, said data input to said tlip-flop and said
input to said buffer comprising the mput to said trans-
parent latch, said output of said flip-flop comprising,
said first data mput to said multiplexer, said output of
said buffer comprising said second data mnput to said
multiplexer, said select input of said multiplexer com-
prising the same signal mnput to said enable mnput of said
transparent latch, and said clock 1nput of said flip-tlip
receiving an mverted one of the clock signal received
by said transparent latch.

15. The method of claim 14 further comprising the step of
placing an output of a logic gate onto said enable 1nput of
said tlip-flop, said logic gate having as a first input the same
signal mput to said enable input of said transparent latch,
said logic gate having said clock mput of said transparent
latch as a second input, said clock input being inverted.

16. A method of creating an optimized circuit for emula-
fion from a user design, the user design comprising con-
secutive latches, each latch of the consecutive latches com-
prising a data input, an output and a clock iput, the
consecutive latches separated by a datapath, the datapath
comprising an 1nput feeding combinational logic and an
output, the output of the datapath feeding the data mput to
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at least one of the consecutive latches, the clock input of
cach latch of the consecutive latches receiving one of a
plurality of clock signals, the method comprising:

determining which of the consecutive latches are clocked
by 1dentical clock signals and which of the consecutive
latches are clocked by different clock signals;

labeling each of the consecutive latches clocked by 1den-
tical clock signals as a transparent latch;

labeling each of the consecutive latches clocked by dif-
ferent clock signals as a non-transparent latch;

transtorming said transparent latch into a first transformed
circuit, said first transformed circuit comprising an
input corresponding to the iput of said transparent
latch;

transforming said non-transparent latch into a second
transformed circuit, said second transformed circuit
comprising an input corresponding to the input of said
non-transparent latch, said second transformed circuit
comprising a flip-flop, said tlip-flop comprising a data
input, an enable input, a clock input and an output; and

placing an output of a logic gate onto said enable mput of
said tlip-tlop, said logic gate having as a first input the
same signal mput to said enable mput of said non-
transparent latch, said logic gate having said clock
input of said non-transparent latch as a second mput,
said clock 1nput being mnverted.
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